Abstract: The aim of this study was to investigate the effects of electroacupuncture (EA) on the glycoconjugate (GC) changes in articular cartilage in the ankle of an arthritic model. Arthritis was induced by an intraplantar injection of complete Freund's adjuvant (CFA) into the hindpaw of male Sprague-Dawley rats. Bilateral EA stimulation at 2 Hz, 15 Hz and 120 Hz was applied at those acupoints corresponding to Zusanli and Sanyinjiao in man, using needles for 3-day intervals for 30 days. To determine the presence of arthritis, paw edema was measured by a water displacement plethysmometer. Edema of the hindpaw induced by CFA-injection was strongly inhibited by EA stimulation throughout the experimental period. At 30 days after CFAinjection, GC changes of articular cartilage of the ankle joint were observed using conventional and lectin histochemistry. The CFA-injected rat revealed general reduction of staining abilities and lectin affinities for GC in comparison with normal rats. Significant reductions of neutral and acidic GC were observed in interterritorial matrix and chondrocyte capsules, respectively. All lectin affinities examined except DBA were also decreased in CFA-injected rats compared to normal ones. However, EA-treated rats, showed similar staining patterns and lectin affinities for GC as to normal ones, especially neutral GC in interterritorial matrix and sWGA and RCA-1 affinities in chondrocytes. It is concluded that EA in all frequencies examined, especially 2 Hz, can attenuate inflammatory edema in CFA-injected rats through alleviation of alterations of GC components in articular cartilage.
Introduction
Acupuncture has been clinically used as an important therapeutic means in oriental medicine. Electroacupuncture (EA) as a kind of acupuncture is of increasing interest to western medicine for producing analgesia in acute or chronic pain. Numerous studies show that EA has different analgesic mechanisms, which selectively induce the release of enkephalins and dynorphins in the central nervous system, depending on the frequency of stimulation in various experimental models (Ceccherelli et al., 1999; Han, 2003) .
Adjuvant arthritis in rats produces a reliable animal model of experimental arthritis which is a chronic inflammatory disease primarily affecting the cartilage of the joints. Glycoconjugate (GC) of the extracellular matrix is important for the normal mechanical functioning of connective tissue structures such as joint cartilage (Sharawy et al., 1991) . Some biochemical studies have reported a general loss of and compositional changes to proteoglycans in arthritic cartilage (Mitchell and Shepard, 1981; Plaas et al., 1998) . Conventional histochemistry employing periodic acid Schiff's (PAS) and cationic dye and lectin histochemistry can be used for the study of GC properties in degenerative joint disease involving arthritic tissues (Schünke et al., 1985) .
Although EA induces an analgesic response mainly through increased production of opioid peptides in the central nervous system, EA may affect inflammatory edema by means of inhibitory activity towards the inflammatory process in the joints of arthritic animals. However, EA-induced effects on the GC changes of articular cartilage have received little attention. Therefore, the goal of the present study was to observe GC changes in articular cartilage in the ankle joint of complete Freund's adjuvant (CFA)-injected rats resulting from EA stimulation using conventional and lectin histochemistry.
Materials and Methods

Animals
Male Sprague-Dawley rats, weighing approx. 120 g, were obtained from Hyochang Science, Daegu, Korea. Rats were housed under constant environmental conditions at 22ºC and with a 12-hour dark-light cycle. They were fed a commercially obtained diet and allowed tap water ad libitum starting 2 weeks before and throughout the study. The experimental procedures were conducted under the ethical guidelines for investigations of experimental pain in conscious animals (Zimmermann, 1983) .
CFA Injection and EA Stimulation
Rats were injected subcutaneously with 150 µl of CFA (1 mg Mycobacterium tuberculosis per 1 ml; Sigma, St. Louis, MO, USA) into the plantar surface of the hindpaw. For EA stimulation at 2 Hz, 15 Hz and 120 Hz, rats were partially restrained in a plastic holder. Two stainless-steel needles of 0.25 mm diameter were inserted in each hindleg at those acupoints corresponding to Zusanli (ST36, 5 mm lateral to the anterior tubercle of the 419 EFFECTS OF ELECTROACUPUNCTURE ON GLYCOCONJUGATE ALTERATIONS tibia) and Sanyinjiao (SP6, 3 mm proximal to the medial malleolus) in humans and were connected to an electric stimulator (SM-60 Saechang, Seoul, Korea). The intensity was set at 1 mA and was increased stepwise to 2 mA and 3 mA. Each step lasted 10 min. EA stimulation was repeated for 3-day intervals for a total of 30 days after CFA-injection. Normal groups were injected with 150 µl of phosphate buffered saline (PBS, pH 7.4) only, and were not treated with EA.
Measurement of Paw Swelling and Tissue Preparation
Paw edema was determined at the various time points using a water-displacement plethysmometer (Ugo-Basile, Comerio, Italy). The ankle joint of paws was obtained from the normal, CFA-injected control and EA-treated experimental rats and fixed in 4% paraformaldehyde in PBS for 14 hours at 4ºC. Tissues were decalcified with a 4% EDTA solution, dehydrated in a graded ethanol series and embedded in paraffin. Serial 5 µm thick sections were prepared.
Conventional Histochemistry for GC
For general histochemistry of GC, the following staining procedures were used: the PAS reaction for studying neutral GC, alcian blue (AB) staining at pH 2.5 to demonstrate acidic GC and AB at pH 1.0 to detect sulfated GC.
Lectin Histochemistry for GC
For the lectin histochemisty, deparaffinized sections were treated with 0.3% methanolic hydrogen peroxide for 30 minutes and exposed to 1% bovine serum albumin for 30 minutes at room temperature. Eight different biotinylated lectins (Vector Laboratories Inc., Burlingame, CA, USA) were used, whose concentration and oligosaccharide specifications are shown in Table 1 . Sections were incubated with lectins for 18 hours at 4ºC, rinsed with PBS and then incubated with an avidin-biotin-peroxidase-complex (Vector Lab.) for 1 hour at room temperature. The horseradish peroxidase (HRP)-conjugated lectin was visualized by exposure to diaminobenzidine substrate kit (Vector Lab.). Sections were counterstained with Mayer's hematoxylin. As controls for the lectin histochemistry, sections were incubated with HRP-conjugated lectins in the presence of 0.2 M inhibitory sugars.
Results
Paw Swelling
Swollen hindpaws in CFA-injected rats were larger than the size of the pre-injection baseline value throughout the 30 days after CFA-injection. However, as illustrated in Fig. 1 , EA stimulation at all frequencies examined, especially at 2 Hz, produced significant antiedema effects as compared to the CFA-injected control group.
The GC Properties of Articular Cartilage by Conventional Histochemistry
Results on the GC properties in articular cartilage of the ankle joint using conventional methods are outlined in Table 2 . The cartilage showed good staining abilities with PAS and AB, which was especially good in interterritorial matrix and chondrocyte capsules. Very intense to moderately intense PAS-positive reaction for neutral GC was shown in the interterritorial matrix and intense reaction was revealed in the chondrocyte capsules. AB staining abilities for acidic and sulfated GC were also observed in the same regions, but significant staining was mainly observed in the chondrocyte capsules. Both staining abilities of neutral and acidic GC in CFA-injected rats tended to decrease compared to normal rats. Marked decreases of neutral GC were observed in interterritorial matrix of hyaline cartilage and acidic ones in the chondrocyte capsules. However, the EA-treated 
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rats showed more similar staining abilities, especially neutral GC in interterritorial matrix of hyaline cartilage and acidic GC in the chondrocyte capsules, to the normal rats (Fig. 2) .
The GC of the Articular Cartilage by Lectin Histochemistry
Results on the GC properties of articular cartilage using lectin histochemistry are summarized in Table 3 . SBA, PNA, BSL-1, UEA-1 and Con A affinities were detected in the interterritorial matrix of articular cartilage. The PNA, BSL-1 and UEA-1 affinities in CFA-injected rats were decreased in the zone of hyaline cartilage compared to normal 2A B C Figure 2 . PAS reaction for neutral GC in the normal (A), CFA-injected control (B) and EA-treated experimental rats (C) on day 30-post arthritis onset. Note marked weak staining abilities of control rats in interterritorial matrix of articular cartilage compared to the normal and experimental rats. Scale bar = 50 µm. Numbers indicate the relative intensity of the reaction: 4, very intense; 3, intense; 2, moderate; 1, weak; 0, absent; IMHC, interterritorial matrix in the zone of hyaline cartilage; IMCC, interterritorial matrix in the zone of calcified cartilage; CCHC, chondrocyte capsule in the zone of hyaline cartilage; CCCC, chondrocyte capsule in the zone of calcified cartilage; PAS, periodic acid Schiff's reaction, AB, alcian blue.
Normal Rat
Control Rat
rats. DBA affinity of CFA-injected rats showed only in the damaged irregular surface of articular cartilage. But BSL-1 and UEA-1 affinities in EA-treated rats showed a similar pattern to that shown in normal rats. All lectin affinities examined, except UEA-1, were demonstrated in the chondrocytes of articular cartilage. Somewhat stronger ones, however, were observed in the zone of hyaline cartilage. SBA, PNA and RCA-1 affinities tended to Table 2 .
Normal Rat
Control Rat decrease in both the zones of hyaline and calcified cartilage, sWGA in the zone of hyaline and BSL-1 and Con A in the zone of calcified cartilage. However, SBA, BSL-1, RCA-1 and sWGA affinities, especially RCA-1 and sWGA in chondrocytes, in EA-treated rats showed a stronger pattern compared to the control (Figs. 3 and 4) .
Discussion
Adjuvant arthritis is a chronic inflammatory joint disease inducible in rats by immunization with CFA containing Mycobacterium tuberculosis. Administration of CFA at the intraplantar injection site induces swelling by inflammation. Therefore, we first observed inhibitory effects of EA stimulation on joint swelling. CFA-injection resulted in a condition of persistent edema in the present study. However, EA stimulation with all frequencies, especially 2 Hz EA stimulation, produced a significant anti-edema effect as compared to CFA-injected control rats. Adjuvant arthritis develops as an inflammatory synovitis and ultimately leads to erosion of articular cartilage leading to joint destruction (Beckmann et al., 1998) . Articular cartilage, a specialized connective tissue, consists of a relatively small number of chondrocytes distributed throughout an extracellular matrix composed of collagen fibrils,
3A
B C 4A B C proteoglycans and other glycoproteins. An excessive loss of proteoglycan and the presence of abnormal proteoglycans are prominent features of the degenerated arthritic joint (Sauren et al., 1994; Pelletier et al., 1998) . Matrix components are responsible for the biochemical properties of articular cartilage and are important for the normal mechanical functions such as tensile strength by collagen fibrils and resilience by proteoglycans (Sauren et al., 1994) . The analysis of the morphological changes with biochemical methods constitutes an important aspect of arthritis characterization (Horsfall et al., 1997) .
Alterations of the components and structure of cartilage due to arthritis have mainly been assessed by GC histochemical methods. The studies of conventional histochemistry for GC show a loss of safranin O, toluidine blue, PAS and AB staining according to pathological process in arthritic cartilage (Schünke et al. 1985; Shimizu et al., 1997) . Specific component alterations in cartilage indicate loss of glycosaminoglycans of proteoglycans as a result of changes in both the catabolic and anabolic pathways of chondrocytes during the progression of the disease (Sauren et al., 1994; Plaas et al., 1998) . The decreased proteoglycan synthesis shows diminished staining with cationic dye (HoedtSchmidt et al., 1993) . In the present study, decreased GC staining abilities were observed in the articular cartilage of ankle joints in CFA-induced arthritic models. Especially, PAS reaction for neutral GC was prominent in the interterritorial matrix and AB staining for acidic and sulfated GC in the chondrocytes capsule.
Lectins, nonenzymatic proteins or glycoproteins which bind with an antibody-like affinity to specific oligosaccharides in a specific linkage, are useful histochemical tools for obtaining more specific information about GC in degenerative joint disease (Schünke et al., 1985; Hoedt-Schmidt et al., 1993) . As described in previous studies, all chondrocytes show distinctly different affinities of lectins between cartilages with different localizations (Zschabitz et al., 1995) . The limited affinities are detected in the interterritorial matrix and pericellular matrix of chondrocytes, and some different affinities are revealed in the arthritic cartilage as compared to normal cartilage (Schünke et al., 1985; Hoedt-Schmidt et al., 1993) . Decreased affinities of Con A, sWGA and BSL-1 in the chondrocyte capsules are due to the loss of proteoglycans from osteoarthritic cartilage (Sauren et al., 1994) . In the present study, all lectin affinities, with the exception of DBA, showed a general decrease in both the interterritorial matrix and chondrocytes of articular cartilage.
There is no clear correlation between the binding of any lectin and the staining pattern for GC that was either PAS-or AB-positive, but lectin histochemistry produced more variable reactions in chondrocytes than did conventional methods. Histological studies of arthritic cartilage indicate both a generalized loss of and specific changes in glycosaminoglycan composition after injection of CFA (Gouze-Decaris et al., 2001 ). The present finding from both conventional and lectin histochemical data may be the result of changes in the metabolic pathway of chondrocytes related to disease progression (Lafeber et al., 1992; Sauren et al., 1994) . In EA-treated rats, more prominent staining of neutral GC in interterritorial matrix and acidic GC in the capsule of chondrocytes was detected compared to the controls. Stronger lectin affinities were also shown in articular cartilage of EA-treated rats, especially RCA-1 to GC containing β-D-galactose and sWGA to GC containing β-N-acetyl-D-glucosamine in chondrocytes.
Although the understanding of the histochemical features of arthritis still remains poor, increased staining and lectin affinities in the EA-treated rat compared to the CFA-injected control may reveal a progress of recovered metabolic activities in the chondrocytes of articular cartilage. Consequently, EA treatment in adjuvant arthritis may prevent deterioration of articular cartilage in the joint by maintaining normal metabolic activities in chondrocytes. Furthermore, histochemical analysis using conventional and lectin probes can be used as an important parameter influencing the effects of EA treatment in adjuvant arthritis. Current treatment for rheumatoid arthritis is limited to glucocorticoids and nonsteroidal anti-inflammatory agents that cause numerous systemic side effects with longterm use. From this point of view, our results show that EA treatments might be a useful therapeutic technique for mitigating the inflammatory process in articular cartilage caused by rheumatoid arthritis.
